Exogenous BMP-4 amplifies asymmetric ureteric branching in the developing mouse kidney in vitro.
Exogenous bone morphogenetic protein 4 (BMP-4) has been reported to inhibit ureteric branching morphogenesis and regulate the anterior-posterior axis of the developing kidney in vitro. We examined the role of BMP-4 on ureteric branching in vitro using three-dimensional image analysis software and statistical models. Additionally, in vivo ureteric branching was analyzed and the effect of reduced levels of BMP-4 in vivo on nephron number was examined. Embryonic day 12.5 (E12.5) Balb/c mouse metanephroi cultured for 48 hours with or without 260 ng/mL recombinant human BMP-4 (rhBMP-4) were immunostained to identify the ureteric epithelium which was quantified in three dimensions. In vivo ureteric branching morphogenesis in Hoxb7/GFP mice was also analyzed. The effect of reduced in vivo levels of BMP-4 on nephron number was examined in BMP-4(+/-) and wild-type mice using an unbiased stereologic method. Qualitative and quantitative studies identified a decrease in total ureteric length and branch number in wild-type mouse metanephroi cultured in the presence of BMP-4. A marked anterior-posterior asymmetry in both ureteric length and branch number was observed in BMP-4-treated metanephroi. A similar asymmetry was revealed in control metanephroi, both in vitro and in vivo. This asymmetry is the result of reduced ureteric branching morphogenesis in the posterior region of the kidney and appears to be due to slower growth rather than the adoption of an alternate branching pattern. Reduction of endogenous BMP-4 in BMP-4(+/-) mice resulted in no change in total nephron number in macroscopically normal kidneys. These results suggest that BMP-4 plays an important role in the regulation of ureteric branching morphogenesis, and that excess BMP-4 in vitro can amplify the existing asymmetry of the normal mouse kidney.